The Digital Flora of Texas project is a collaborative research effort that relies on botanical research centers in Texas to create and maintain digital library collections on the flora of Texas. The project focuses on developing webaccessible collections for botanists and botanicallyinterested non-specialists. The Herbarium Specimen Browser (HSB) is the main portal to the collections of the Digital Flora of Texas. The HSB allows examination of the collections through several types of interactive information visualizations: a hierarchical taxonomic browser, specimen distribution and density maps, and stackable bar graphs of temporal specimen data. The interactive information visualization tools of the HSB are designed to help users extract as much information from the data as possible while minimizing the associated learning cost and complexity of these tools.
INTRODUCTION
The Digital Flora of Texas project is a collaborative research effort that relies on botanical research centers in Texas to create and maintain digital library collections on the flora of Texas. Currently, three-fourths of the 680 plant species listed as in danger of becoming extinct in the next ten years occur in Texas, California, Florida, Hawaii, and Puerto Rico. Texas is the only one of this group that lacks a comprehensive geographical knowledge of its plant resources and the most recently written comprehensive flora for the state is obsolete [1] . A single, consolidated source of high quality botanical data is needed and this need will increase as the population density and economy of Texas grow. The digital flora produced by this project will be a valuable resource for students, educators, scientists, government agencies, and, indeed, anyone with an interest in the botanical heritage of Texas [2] .
The project focuses on developing web-accessible collections for botanists and botanically-interested nonspecialists. It includes refinement and expansion of specimen label data capture systems and deployment of these to new sites, development of data translation programs [3], refinement and elaboration of web-based data access systems, development and curation of distributed plant image libraries, and exploration of protocols employed to produce digital library collections from distributed participants that include taxonomies, images, specimen data, keys, and descriptions [4] .
THE HERBARIUM SPECIMEN BROWSER
The Herbarium Specimen Browser (HSB) is the main portal to the collections of the Digital Flora of Texas [5] . It currently provides access to approximately 300,000 specimen records contributed by thirteen collaborating herbaria. In addition to detailed specimen listings and fulltext querying on all fields [6] , the HSB allows examination of the collections through several types of interactive information visualizations: a hierarchical browser giving a high-level taxonomic overview, maps showing the distributions of specimens and species by county (state, 5 state area, North America), and stackable bar graph displays showing temporal aspects of the specimens such as collection date or flowering periods. The HSB also has the capability of on-the-fly filtering of all displayed information by county, herbarium, and other criteria, allowing users to answer questions by visualizing subsets of the information [7, 8] . The interactive information visualization tools of the HSB are designed to help users extract as much information from the data as possible while minimizing the associated learning cost and complexity of these tools.
Browsing the Collections
The HSB in its initial Main Display mode ( Figure 1) shows:
• The specimen selection criteria currently in force (specified by the filtering controls in the control frame on the left) • A line indicating the number of specimens which meet those criteria, and the numbers of species, genera, and families of those specimens • A list of all families represented by specimens meeting the current criteria, the number of genera, species, and specimens they contain, and several links.
The family names in this display are link anchor sites. Selecting one causes an "expansion" in taxonomic context that shows a listing of the genera (represented by specimens) contained in that family. The user can then select one of the genera to see a terse list of species in the genus or a list of the full specimen data sorted by Herbarium and accession number.
The lists remain expanded until the user contracts them with a subsequent click on the genus or family name. The map anchor dynamically displays the specimen distribution map of a particular family, genus or species depending on the map level that was chosen in the control-frame. The mapping system is capable of providing, at a quick glance, the density and distribution of a particular family, genus or species organized in terms of specimens and species in the counties of Texas, counties of Texas and adjacent states (shown in Figure 2) , and states/provinces of North America. Clicking on any colored region of the map will produce a specimen listing that consists of the related specimen data located in a particular region [9] . This feature allows the user to quickly find density, location, collector and botanically related information in a few clicks. These clickable distribution maps can be easily generated using the system discussed in [10] . A similar system has been developed by the Jepson Flora Project for the University and Jepson Herbaria Collections at the University of California at Berkeley [11]. 
Visual County Filter
In Figure 3 , the user is interested in answering questions that concern only the counties that are adjacent to his/her county (Brazos county in the figure). For example, "I know plant X is in my county. Does it also occur in surrounding counties?" The user may simply click the surrounding counties to filter (subset) the collections. Clicking on the 'Main Display' button will take the user to the hierarchical browsing display of the plants that one could find in the adjacent counties. This tool provides a convenient way for users who are not familiar with the names of the 254 counties of Texas to locate botanical information simply by highlighting counties on the map. An option at the bottom allows the user to select a set of regions to answer questions such as "Which plants inhabit the Southwestern region of Texas?"
Querying the Collections
Browsing a collection can sometimes be time consuming because users have to navigate to a particular location within the specimen browser to get to the families, genera or species of interest. A query interface to the collection provides the user with the means to locate data more directly than browsing through the alphabetical listing of families in the main display frame. Since all text data is full-text indexed, the user can quickly find common names, locations, collectors, accession numbers, dates, etc. Figure  4 illustrates the listing of specimens sorted by Herbarium, Accession number, Family, Genus and Species fields from a simple query string of 'Aceraceae' using the query control on the control frame.
Visualizing Temporal Specimen Data
During our regular weekly meeting session, tools were requested that could summarize the temporal dimension of the specimen collections from a high level and also help in making quick comparisons among herbaria specimen data. Using these tools, one could discover the earliest specimen records of the herbaria, the collectors who collected them, and when and where they were collected. Such information can be difficult to formulate in query strings since it involves creating the relevant query, filtering the result set and searching through the results based on the relevant fields. This request resulted in an extension to the HSB in which interactive stackable bar graph visualizations were designed for temporal specimen data.
In conjunction with the specimen distribution maps, temporal data allows users to derive answers to many questions that are otherwise hidden in plain numerical data such as: "Has a species changed its range over the years?"; "When was a species first collected in a state, county or country?"; "During the occurrence of a particular event, such as World War I, which collectors were still actively collecting specimens?"; "Where were they collecting?"; "How many species were collected?"; "What were the species collected?"; and, "How active was a herbarium in specimen collecting activities during a certain period in time?" Figure 4 . The graph summarizes the number of specimens collected by herbaria, represented with different colors, over a certain time span. The bars on the graph are clickable to allow users a quick glance at the specimen records that were collected by a particular herbarium for a particular period of time. Using the 'Yearly' bar graph in conjunction with the specimen listings, visual county filter, and specimen distribution maps of the HSB, a user can quickly discover: the earliest date in the year a particular species has been collected, the latest date a species has been collected, the oldest specimen of a particular species, the years that a certain herbarium was actively involved in the collection of certain species, and whether a certain species is relatively more or less common now than in the past. Many other relationships that are difficult to extract from quantitative data are easily visualized, such as: insights on trend information, quick comparisons on the number of specimens collected over the years, and the impacts of certain historical events on a botanical family. For example, to answer "What was the earliest collected specimen in the family Aceraceae, who collected it, and which herbarium contains the record?" The user would simply click on the leftmost bar in Figure  5 . Figure 6 presents the bar graph generated from clicking the 'Days' button in Figure 4 . It is arranged according to the day and month fields while taking leap years into account. With different colors used to represent different herbaria across the country, a user can quickly find answers to questions such as: "When are the flowering and fruiting times of a particular species?"; "Do the flowering and fruiting times of that species vary by location?"; "When is the best time in the year for certain species to be collected?"; "When and where will a particular species (usually) be collected by a particular herbarium?"; and, "Does data from an institution support what the user has seen either in the field or in another institution's holdings?" If users know the name of a plant that currently faces danger of extinction, they can see its distribution throughout the years using the bar graphs and the mapping system of the HSB in different granularities. Furthermore, if all specimen records contribute to the graphs, then we can answer questions such as "When are the herbaria most actively engaged in collection activities?"
FUTURE WORK
Currently the software that generates the bar graphs is only capable of representing information on a daily, weekly or yearly basis. In the future, we would like to expand functionality by incorporating the dynamic regional distribution mapping capability of the Herbarium Specimen Browser into the querying mechanism so that users can click on a bar graph to obtain a specimen regional distribution map in addition to a detail listing of the collected specimens. Lastly, data mining techniques could be employed to take the step of information extraction and visualization further. For example, mining plant distributions and suggesting plant collecting activities by the nearest or most closely focused herbarium.
